In the many species studied oxytocin and vasopressin of the pars nervosa are liberated by a wide variety of stimuli (Harris, 1955), and in all instances there is evidence that the liberation of oxytocin is accompanied by the simultaneous release of vasopressin (ADH). Further, more oxytocin than ADH is released as the result of any one stimulus (Abrahams & Pickford, 1954; Harris, 1955). The recorded ratios of ADH: oxytocin vary from 1:4 to 1:100 in different species (Harris, 1955), but so far no reports have appeared showing whether this ratio varies with the stimulus applied or is constant in a species or individual. Previous work on conscious bitches (Abrahams & Pickford, 1954) showed that the injection of a small volume of hypertonic NaCl solution into the exteriorized carotid artery during water diuresis caused an increase in uterine activity and an antidiuresis which could be matched by the intravenous injection of approximately 3 m-u. Pitressin (vasopressin: Parke, Davis) and 80-100 m-u. Pitocin (oxytocin; Parke, Davis); that is, the ADH: oxytocin ratio lay between 1:25 and 1:30. It was decided to attempt an assay of the amount of oxytocin liberated in the bitch by suckling to determine what was the ratio of ADH: oxytocin on the application of this physiological stimulus and, as opportunity offered, to make some other observations on milk release. A short summary of some of the results has already been published (Pickford, 1959) .
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From the Physiology Department, University of Edinburgh (Received 29 January 1960) In the many species studied oxytocin and vasopressin of the pars nervosa are liberated by a wide variety of stimuli (Harris, 1955) , and in all instances there is evidence that the liberation of oxytocin is accompanied by the simultaneous release of vasopressin (ADH). Further, more oxytocin than ADH is released as the result of any one stimulus (Abrahams & Pickford, 1954; Harris, 1955) . The recorded ratios of ADH: oxytocin vary from 1:4 to 1:100 in different species (Harris, 1955) , but so far no reports have appeared showing whether this ratio varies with the stimulus applied or is constant in a species or individual. Previous work on conscious bitches (Abrahams & Pickford, 1954) showed that the injection of a small volume of hypertonic NaCl solution into the exteriorized carotid artery during water diuresis caused an increase in uterine activity and an antidiuresis which could be matched by the intravenous injection of approximately 3 m-u. Pitressin (vasopressin: Parke, Davis) and 80-100 m-u. Pitocin (oxytocin; Parke, Davis); that is, the ADH: oxytocin ratio lay between 1:25 and 1:30. It was decided to attempt an assay of the amount of oxytocin liberated in the bitch by suckling to determine what was the ratio of ADH: oxytocin on the application of this physiological stimulus and, as opportunity offered, to make some other observations on milk release. A short summary of some of the results has already been published (Pickford, 1959) .
METHODS
Observations were made on three bitches; Lottie (15 kg), Misty (13 kg) and Bianca (24 kg), during the period from 6 days to 5 weeks after whelping. During observations the animal was lying on its side. All three animals were well used to the routine. Two dogs, Lottie and Bianca, were each provided with a permanently exteriorized carotid artery whose sinus had been denervated. The routine was as follows: the animal was hydrated at 12 noon with 250 ml. water given by stomach tube, and at this time the puppies were separated from the mother; water diuresis was induced at 2-15 p.m. by the administration of 250-350 ml. water according to the size of the dog. Urine was collected into graduated tubes by means of a rubber catheter inserted into the bladder through the urethra. The dead space was reduced to a minimum. Urine was collected over 10 min periods, the volume noted, and the samples later analysed for their Na, K and Cl content, except when hypertonic NaCl solutions had been administered. No experimental manoeuvres such as injections were performed, nor were the pups allowed access, until at least 35 min after administration of water. Most of the observations were made when the animals were conscious, but in some instances anaesthesia was induced with sodium thiopentone administered intravenously at a time when water diuresis was established. Usually the pups were allowed to feed one at a time, and only occasionally all together. They were weighed rapidly to the nearest 05 g before and after each feed or attempted feed, and their hind quarters were wrapped in a duster or inserted into a small bag so that faeces or urine passed during feeding should not be lost and falsify the weighings. It was possible to tell by the behaviour of the pups whether they were obtaining milk; if successful they soon became quiet, but if unsuccessful they moved frenziedly from one teat to another in quick succession.
In Bianca, a 24 kg Labrador, it was possible to record the milk ejection response to various stimuli at a time when she was unanaesthetized. The dog seemed undisturbed by the insertion of a fine polythene cannula into a milk duct. The cannula was connected to a 5 ml. volume recorder on which was a light pointer writing on smoked paper. The cannula was filled with 5 % potassium citrate solution and was held in place by gently pinching the teat between finger and thumb. On any one day, with few exceptions, observations were made from the same teat.
One dog, Lottie, is still alive. After the other two had been killed, routine histological examination was made in each of the hypothalamus and pituitary gland and of both kidneys and uterine horns. No abnormalities were noted.
Urinary Na and K were estimated by flame photometry, and Cl by the method of Prout Winter as described by Cole (1919) .
The drugs used were Pitressin, Pitocin and adrenalin and Syntocinon (oxytocin; Sandoz Ltd). No difference was noted in the actions of Pitocin and Syntocinon and they will be referred to indiscriminately as oxytocin.
RESULTS

Effect of suckling on urine flow and composition,
and assay of hormones liberated Of the three dogs used, Lottie always voluntarily fed her pups when under observation, Misty did so when all six were alllowed to feed, and Bianca always refused. It was found that 5-6 min was sufficient time for a puppy to empty one gland and that, with Lottie and Misty, the weight gained varied between 20 and 25 g as the result of one such feed. In Lottie's case the number of pups allowed to feed made no difference to the result. Fig. 1 A shows a typical response of Lottie to suckling, a small antidiuresis quickly set in after suckling began (in this instance suckling five puppies), and was accompanied by a rise in the excretion of Na and Cl. For comparison a typical control water diuresis may be seen in Fig. 3B . In Misty the mammary response depended on the number of pups allowed to feed at one time. On no occasion out of fifteen was a lone pup voluntarily given milk, but all three times when six pups were suckled they all made an almost maximal weight gain. As in the case of Lottie, milk release was accompanied by a small antidiuresis ( Fig. 2 ) and a slight rise in Na and Cl excretion. A rise in electrolyte excretion was never seen during the course of an undisturbed water diuresis (Ali, Cross & Pickford, 1958) . ADH:OXYTOCIN RATIO ON SUCKLING 517 The degree of antidiuresis caused by suckling in Lottie varied slightly on different days and could be matched by the intravenous injection of 0 1-0 5 m-u. Pitressin (Fig. 1 B) . In Misty with six pups being suckled the antidiuresis was also similar to that following the intravenous injection of up to 0-1-0-5 m-u. Pitressin (Fig. 2) . On the other hand, up to 50 m-u. oxytocin never caused antidiuresis in any of the dogs. Time (min) Fig. 1 . Effect of suckling and ADH on water diuresis and electrolyte excretion in a dog (Lottie). In both A and B, 300 ml. water by mouth at zero time. Aa and Ba, rates of urine flow (ml./min); Ab and Bb, rate of excretion of Na (e), K (0) and C1 ((E) (,equiv/min). In A, at X, five puppies were allowed to suck for 7 min. In B, at Y, 0.5 m-u. ADH injected intravenously.
For assaying the amount of oxytocin necessary for a full let-down of milk, Lottie and Misty were anaesthetized with intravenous sodium thiopentone. This drug was chosen because of the rapid onset and disappearance of its action and because it seemed not to interfere with water diuresis (Fig. 3A) . It is suggested that the absence of an inhibition of urine flow was in part related to the fact that the dogs were well used to receiving intravenous injections, and in part, that the rapidity of action of sodium thiopentone allowed no time for emotional disturbance. In support of the latter suggestion it was noticed that when the rate of urine flow was still high during recovery from anaesthesia, some inhibition occurred at I  I  I  I  I  I  I  I  I  I   0~~~~~~A b   Bb   I  I  I  I  I  I  I   3 PHYSIO. CLII
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MARY PICKFORD that time. The weight gained by the pups was used as a criterion of the adequacy of milk ejection. As soon as the mother was anaesthetized a pup was allowed to feed and, as expected, was unable to obtain milk; nor did its efforts affect the excretion of urine. After weighing, it was returned to the mother immediately following the injection of oxytocin and weighed ADH:OXYTOCIN RATIO ON SUCKLING again 6-7 min later. In Lottie on four occasions it was found that 5 m-u. oxytocin was insufficient to allow pups to gain any weight; in one test out of three 10 m-u. allowed about half the possible weight gain; on four out of four occasions 15 m-u. oxytocin permitted the full weight gain. Some of these observations were made consecutively. Thus, on one day 10 m-u. oxytocin given immediately anaesthesia was complete was wholly ineffective, 5 m-u. given 12 min later was also ineffective, but 15 m-u. given after a further 13 min permitted a full weight gain by a puppy. On five occasions Misty needed 15 m-u. oxytocin for full milk release, both when she was anaesthetized and on those days when she was conscious and refused to give milk to a single pup. Twice, under anaesthesia, 10 m-u. oxytocin was enough for a full weight gain.
In none of the dogs did 0 5 m-u. Pitressin, or even 2 m-u., allow pups to gain any weight. The above results indicate that, in the circumstances, the ratio of ADH: oxytocin released was approximately 1:30, and that the quantity of ADH released was not enough to cause a let-down of milk.
Milk ejection response to administration of oxytocin The observations in this section were made on Bianca. Since this was the animal which never gave milk voluntarily when under observation, anaesthesia was unnecessary, and oxytocin had to be injected in order to find the maximal possible weight gain of a pup allowed to suck one breast for at least 6 min. The weight gain was found to be 25-30 g and the dose of oxytocin needed during the first 3 weeks of lactation varied from 15 to 20 m-u. The administration of more than 20 m-u. did not enable a pup to gain more weight, and after less oxytocin the weight gain was submaximal. Figure 4 shows the milk ejection response to 20 and 10 m-u. oxytocin from one milk duct, at times when a puppy was allowed to suck at first one and then another teat. After 20 m-u. oxytocin the pup gained 30 g weight, and after 10 m-u. another pup gained 8 g. This result correlated with records of milk ejection; for instance, in Fig. 5 it can be seen that the ejection responses bore a close arithmetical relationship to the dose of oxytocin given when this ranged from 10 to 20 m-u. These observations are typical of several made during the 2nd and 3rd weeks of lactation, and the direct dose-response relationship held from 5 to 20 m-u. oxytocin.
It was noticed during the 4th and 5th weeks of lactation that milk ejection could be induced by smaller doses of oxytocin than formerly and that no clear dose-response relationship was apparent; for instance, 2-5 m-u. oxytocin caused a greatermilk ejection than had 20 m-u. previously, and 5 m-u. permitted a full weight gain. It is not known whether this was a genuine increase in sensitivity or wai due to conditioning. Another fact noticed in the later weeks was that the inFertion of the cannula was 33-2 519 520 MARY PICKFORD sometimes a stimulus sufficient to cause milk ejection. This had not occurred in the first 3 weeks and suggests that there was indeed some increase in reactivity of the myo-epithelial cells. At no time did tapping or handling the gland cause milk ejection (Cross, 1954) Effect of hypertonic NaCl solution on milk ejection and urine volume The effect of applying an osmotic stimulus, namely, the injection of 17M-NaCl solution into the carotid artery, was tested mainly on Lottie.
Control injections of NaCl solution 0 9 % (w/v) were without effect on milk ejection or urine flow in this dog or in Bianca (Figs. 7A and B) . In Lottie under sodium thiopentone anaesthesia 5 and 3 ml. of the hypertonic NaCl solution caused pups being suckled to make a maximal weight gain and resulted in prolonged antidiuresis. On two separate days 1 ml. of the NaCl solution caused a considerable antidiuresis (Fig. 6 ) and the pups gained 20 and 12 g weight. It is not clear why the weight gain differed so widely on the two occasions. There was insufficient time during lactation to test the response to 0*5 ml. hypertonic NaCl solution, but 5 weeks after Fig. 6 . Effect of hypertonic NaCl solution on water diuresis in a dog (Lottie). 300 ml. water by mouth at zero time. At A 1 and A 2 anaesthesia rapidly induced with intravenous sodium thiopentone. In curve *-*, at B, 1 ml. 17M-NaCl solution injected into carotid artery; a puppy allowed to feed during time marked P gained 20 g weight. In curve 0-0, at C(, 0 5 ml. 17M-NaCl solution into the carotid artery. the end of lactation this volume induced an antidiuresis only a little less than that seen following 0 5 m-u. ADH (Fig. 6 ). In Bianca when conscious the intracarotid injection of 4 and 5 ml. of 1P7M-NCI solution had no effect on either milk ejection or rate of urine flow. In Misty, also when conscious, when 11 ml. of 1F7M-NaCl solution was injected intravenously a puppy made a weight gain of 10 g, but up to 5 ml. given intravenously was ineffective in all the dogs. No other observations were made on the effect of intravenous injections of hypertonic solutions.
Effect of acetylcholine on milk ejection
These observations were made on Bianca. The effect of acetylcholine (ACh) alone was tested on three separate days, and it was found that 522 MARY PICKFORD caused a small but definite milk-ejection response. A large milk ejection followed 200 ,ug ACh (Fig. 7D ) and a full weight gain was made by a feeding pup. The milk ejection response was similar to that following the intravenous injection of 20 m-u. oxytocin (Fig. 7F) . Given intravenously, 200 ,ug ACh caused no milk ejection (Fig. 7E ). On no occasion was antidiuresis seen. Effect of adrenaline on milk ejection These observations, too, were made on Bianca, and were of two kinds. The effect of a preliminary injection of adrenaline on the response to oxytocin was first tested, and then its effect on the response to an intracarotid injection of ACh. In all instances adrenaline was injected intravenously in 0 5 ml. NaCl solution 0-9 % (w/v) 10 sec before the oxytocin or ACh. Figure 8B shows that when 0 5 ,ug adrenaline was given before 25 m-u. oxytocin (i.e. a supramaximal dose) there was a just perceptible milk-ejection response (Fig. 8E) , and there was a partial response on two occasions when 0S25 ,ug adrenaline was injected ( Fig. 8C and D) . Figure 8F shows that at the end of the afternoon 25 m-u. oxytocin was still able to cause a full milk ejection from the duct under observation. The inhibitory power of adrenaline was also exerted on the response to ACh. In Fig. 7 C it is shown that no milk ejection followed when 1 ug adrenaline was given 10 sec before the intracarotid injection of 200 ,ug ACh. Some 15 min later 200 ,ug ACh caused a normal milk ejection (Fig. 7D) . 
DISCUSSION
The results described show that puppies made a maximal weight gain on being suckled after the injection of 15 m-u. oxytocin into dogs of 13-15 kg body weight; and with a 24 kg dog, after 20 m-u. oxytocin. Only in the two smaller dogs was it possible to make observations on the antidiuresis accompanying suckling, and it was found to be of the same order as that following injection of not more than 0 5 m-u. Pitressin. During the antidiuresis there was some rise in rates of excretion of Na and Cl. The findings on antidiuresis are the same as those of Kalliala, Karvonen & Leppanen (1952) . Thus the ADH: oxytocin ratio was approximately 1: 30, that is, of the same order as that found when applying an osmotic stimulus and using the uterus as the assay organ. One dog gave milk when suckling six pups but not when suckling one. It is impossible to say whether this was due to the greater stimulus in the first instance, or to an emotional inhibition in the second.
The experiments with ACh confirmed those made earlier with the uterus as the test organ (Abrahams & Pickford, 1954) , namely, that ACh causes the release of oxytocin, as of vasopressin, by action at a site in the central nervous system. Further, the dog was found to be like both the goat (Andersson, 1951) and the rabbit (Holland, Cross & Sawyer, 1959) in that an osmotic stimulus induced the let-down-of milk. Thus observations 523 MARY PICKFORD on both the mammary glands and the uterus lead to the same conclusion (Abrahams & Pickford, 1954) , that ACh and osmotic stimuli release both oxytocin and vasopressin. Cross (1953) found that in the rabbit adrenaline, by a peripheral action, prevented the response to a rapidly following injection of oxytocin. In the dog, too, adrenaline prevented the response to oxytocin, whether the oxytocin was given by intravenous injection or released endogenously by administration of ACh. However, even without making allowance for differences in body weight, the dog appears to be more sensitive to oxytocin than the rabbit, and if body weight allowance is made, the dog is also more sensitive to adrenaline. Thus, in dogs 15-20 m-u. oxytocin caused a maximal milk release during the first half of lactation, and in the later part as little as 5 m-u. oxytocin was sufficient. The response to oxytocin was almost wholly prevented by 0 5 jig adrenaline and entirely suppressed by 1 pg. The quantities found by Cross & van Dyke (1953) and Cross (1954) for the rabbit were 50 m-u. oxytocin and 1 pg adrenaline. It is not possible to compare the sensitivity of dogs and rabbits to hypertonic NaCl solution, since Holland et al. (1959) used a 15M solution, and in the present experiments a 1-7M solution was used.
A question arises from the work on milk ejection in Bianca. On injection into the carotid artery of 200 pg ACh the quantity of oxytocin released was assayed as 20 m-u.; further, 5 ml. 1 7M-NaCl solution given into the carotid artery caused no observable liberation of either of the pars nervosa hormones. These results contrast with earlier studies in which the uterus and kidney were used as test organs (Abrahams & Pickford, 1954) , when it was found that both 200 Mg ACh and 2 ml. or less of 1 7 M-NaCl solution caused the release of approximately 3 m-u. ADH and 80-100 m-u. oxytocin. In the present work, too, Lottie responded by antidiuresis to as little as 0.5 ml. 17M-NaCl solution. The difference between the past results and those on Bianca could, perhaps, be connected with the fact that this dog had a large and muscular head, in other words, a vascular bed of considerable volume which would lower the concentration of ACh or NaCl reaching the central active site. It seemed unlikely that the present results were related in some way to the lactational state, for instance, the greater than normal fluid turnover; or to the different organ used for the purpose of assay. Some observations made on Bianca before she was pregnant showed that 1 m-u. Pitressin gave rise to a barely perceptible antidiuresis, that 3 m-u. caused a brief 50 % reduction in the rate of urine flow, and 4 m-u. Pitressin caused a 66 % reduction. Two-and-one-half months after the end of lactation these experiments were repeated and the results confirmed, and other observations were made. It was found that in order to cause antidiuresis of the same order as that due to 4 m-u.
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ADH:OXYTOCIN RATIO ON SUCKLING Pitressin it was necessary to inject at least 8 ml. of 1 7m-NaCl solution into the carotid artery, and to inject it in not more than 0 75 min. Further, it was confirmed that 200 ,ug ACh given into the carotid artery caused no antidiuresis, and that 300 and 400 jug were also ineffective. A transitory 50 % inhibition of the rate of urine flow followed the injection of 600 ,ug ACh. All observations in which ACh was used were preceded by a subcutaneous injection of 2 mg atropine sulphate. From these results it seemed that at all times this dog was relatively insensitive to the intracarotid injection of ACh, and moderately insensitive to that of hypertonic NaCl solution. Further confirmation was sought in the following way. Five months after whelping, the dog was ovariectomized and a left uterine fistula made (Abrahams & Pickford, 1954) . The uterus developed spontaneous activity 10 days after operation and observations were begun 4 days later. Uterine activity sometimes, but not always, increased slightly on the intravenous injection of 50 m-u. oxytocin, but never following 20 m-u. oxytocin. The rapid intracarotid injection of 8 ml. 1-7M-NaCl solution caused, on two separate days, a small but definite increase in size and frequency of uterine contractions. Following subcutaneous atropine there was no uterine response to the intracarotid injection of 200 ,ug ACh; on one occasion 300 ,g ACh caused an increase in activity less than that due to 50 m-u. oxytocin, and 500 ,g ACh induced a moderate increase in contraction frequency for 7 min. With a dose of ACh as large as 500 ,ug some direct peripheral action cannot be discounted.
Thus, all results are similar in showing that, in order to cause a release of ADH and oxytocin, this dog needed relatively large amounts of ACh or NaCl to be injected into the carotid artery. Probably then, the release of only 20 m-u. oxytocin after an injection of 200 ,ug ACh was normal for this dog, and was not related to the lactational state nor to the use of the mammary glands rather than the uterus for assay purposes. Since it is probable that rather less than 1 m-u. ADH would have been released with 20 m-u. oxytocin, it is not surprising that no antidiuresis was seen. The results obtained from this dog, therefore, invalidate neither the earlier conclusions nor the present ones, that after both an osmotic stimulus and ACh, as well as on suckling, the pars nervosa of the dog releases oxytocin and ADH simultaneously, and that they are released in a ratio of one part of ADH to about 30 parts of oxytocin. The only result which seemed to give a different ratio was that obtained from Lottie under anaesthesia, when following an intracarotid injection of 1 ml. 1 7M-NaCl solution the antidiuresis was far greater than could be due to 0 5 m-u. ADH, yet a puppy made only a small weight gain on being suckled. This isolated result may be of significance, but it seems more likely that some inhibition prevented the full mammary response; there may have been a central 525
